the phalanges, lumbar spine, and ulna. Two patients had subtalar joint involvement. Results. The mean follow-up period was 17 (range, 8-60) months. The erythrocyte sedimentation rate returned to normal after 3 months in 7 patients and after >6 months in 3 patients. The subtalar range of movement was normal in all except for 2 patients. One patient developed subtalar ankylosis. Sinuses healed in a mean of 10 (range, 2-16) weeks. No patient had pain on level walking after treatment. At 3 months, remineralisation of bone was evident in all patients. Sclerosis of cavity margins and sequestra resorption was noted from 6 to 9 months. No patient experienced recurrence. Conclusion. The 'heel up' sign was common in children with calcaneal tuberculosis in this endemic region. The central granuloma-type presentation was the most common. Pathological fractures and involvement of the subtalar joint were not common. Subtalar joint involvement was a poor prognostic factor.
introduction
The calcaneus articulates with the talus superiorly and the cuboid anteriorly, and has a predominantly cancellous structure. 1, 2 Calcaneal tuberculosis in children is rare and thus its awareness is low and diagnosis is often delayed. 3 Calcaneal tuberculosis is debilitating if untreated; delayed treatment may lead to functional disability. [3] [4] [5] [6] [7] This study reviewed 10 children with calcaneal tuberculosis in terms of presentation, healing, and functional outcome.
Materials and Methods
Medical records of 7 boys and 3 girls aged 7 to 12 (mean, 9.8) years who presented with tuberculosis of the left (n=7) and right (n=4) calcanei between June 2005 and December 2012 were reviewed (Table 1) .
Diagnoses were confirmed using acid-fast staining (Ziehl-Neelsen stain), culture for acid-fast bacilli, and histopathological examination ( Seven patients had a single lytic lesion in the calcaneal body (n=1), tuberosity (n=3), and extending from the calcaneal body to the anterior process (n=3). Three patients had multiple lytic lesions in the calcaneus; one of them had bilateral involvement who had lesions in the phalanges, lumbar spine, and ulna. Two patients had subtalar joint involvement.
Radiographs and blood tests were performed every 3 months until treatment completion. Computed tomography or magnetic resonance imaging was performed for 3 patients only.
Pain during walking, healing of sinuses, and passive subtalar range of movement with the foot in maximum dorsiflexion were assessed. A normal range of subtalar joint was defined as 20º inversion and 5º eversion. Subtalar configuration and calcaneal deformation was assessed using the crucial angle of Gissane on lateral radiographs. 9 This angle is formed between a line drawn along the posterior facet of the calcaneus and a line drawn from the anterior process to the calcaneal sulcus, and ranges from 90º to 147º. 9 A change in the angle of >10º indicates subtalar involvement and calcaneal deformation. 9 Comparison was made with the contralateral foot to minimise age variations.
results
The mean follow-up period was 17 (range, 8-60) months. Antitubercular chemotherapy included isoniazid (10 mg/kg/day), rifampicin (10 mg/kg/ day), pyrazinamide (20 mg/kg/day), and ethambutol (20 mg/kg/day) for 2 months during the intensive phase, and isoniazid (10 mg/kg/day), rifampicin (10 mg/kg/day) for the next 10 months during the continuation phase.
Non-weightbearing walking was advised, and a foot orthosis was used for 6 weeks. Partial weightbearing was allowed at 6 weeks and progressed to full weightbearing at a mean of 10 (range, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] weeks. No patient had pain on level walking after treatment.
The sinuses healed in a mean of 10 (range, 2-16) weeks. The erythrocyte sedimentation rate returned to normal after 3 months in 7 patients and after >6 months in 3 patients.
The subtalar range of movement was normal in all except for 2 patients. The mean crucial angle of Gissane was 125º (range, 110º-170º) at presentation and 127º (range, 110º-160º) at the final follow-up. One patient developed subtalar ankylosis (Fig. 1) . Another patient with subtalar joint involvement had excellent healing and the angle of Gissane remained normal (Fig. 2) . At 3 months, remineralisation of bone was evident in all patients. Sclerosis of cavity margins and sequestra resorption was noted at 6 months in 8 patients and at 9 months in 2 patients. In 5 patients with a larger lesion, the cavity outline persisted even after completion of antitubercular chemotherapy, although the margins were less distinct, smaller in size, and sclerotic within. In one patient, complete resolution of the cavity had not occurred after 3 years (Fig. 3) . No patient experienced recurrence.
discussion
Clinical presentation of calcaneal tuberculosis is non-specific and thus diagnosis is often delayed. 10 Differential diagnosis of calcaneal tuberculosis includes pyogenic or fungal infections, benign bone tumours or malignancies (e.g. Ewing's sarcoma). 10 The tubercular sinus can also be infected and this may lead to misdiagnosis. All the children in this study presented with painful swelling and stiffness (with or without sinuses), toe walking, inability to weightbear, and the 'heel-up' sign, which are similar to pyogenic osteomyelitis. 9, 11 The 'heel-up' sign in a patient warrants further investigation, particularly in regions where tuberculosis is endemic.
There is no predilection for involvement of the tuberosity of the calcaneus.
3,4,12 Sequestrum formation is another common feature of calcaneal tuberculosis. 3 Most sequestra resorb within 6 months of chemotherapy alone. 3, 13 Resolution of cavities takes a longer time and small, residual cavities are common and have no clinical significance. 4, 5 These cavities are probably filled with fibrous or fibro-osseous tissue and do not warrant surgical intervention. 3 In contrast to adult cases, pathological fractures and subtalar joint involvement are less common in children with calcaneal tuberculosis. The mechanism of involvement consists of 3 patterns. In our study, the commonest pattern was the central granuloma type (n=6), followed by diffuse seeding of the whole calcaneus with multiple lytic lesions (n=4). A rare variety was periarticular granuloma, with significant soft tissue component (Fig. 4) . The prognosis was best for the central granuloma-type involvement. The large cartilaginous scaffold, intact periosteum, and better healing potential in children acted to contain the tubercular infection. Further, 'toe-walking' prevented collapse of the calcaneus. However, with severe infections, deformities could be severe. Subtalar involvement was common in periarticular and diffuse patterns and may progress to subtalar articular disease, despite treatment.
Computed tomography and magnetic resonance imaging can show a sequestrum that is not readily apparent on radiographs, and can identify cortical breaks and show the extent of the bone destruction. Scintigraphy is reliable in early diagnosis, detection, and follow-up of calcaneal tuberculosis in adults.
14 Antitubercular chemotherapy is the main treatment modality. A minimum of 12 months of chemotherapy is necessary to prevent recurrence. None of our patients had recurrence. Debridement or resection, with or without arthrodesis, should be reserved for those not responsive to chemotherapy or for those with deformity or painful joints. 3 Sinus tract excision may hasten healing, and curettage of juxta-articular cavities that threaten to invade an adjacent joint may improve the overall prognosis by minimising chances of joint involvement. 3 Limitations of this study included the retrospective nature and the use of radiographs for assessment. The cartilaginous calcaneus scaffold can hinder the accuracy of the angle of Gissane measurement, and in the case with bilateral involvement, no control was available. The calcaneus harbours a growing apophysis, and late deformity following infection can occur. Therefore, long-term follow-up is recommended for children until skeletal maturity.
conclusion
The 'heel up' sign was common in children with calcaneal tuberculosis in this endemic region. The central granuloma-type presentation was the most common. Pathological fractures and involvement of the subtalar joint were not common. Subtalar joint involvement was a poor prognostic factor.
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